I. A method for producing a standard low-fluoride diet from a green alga and yeast is described. Chlorella pyrenoidosa was grown in a culture medium prepared with distilled water and analytical grade chemical salts.
digestible in man (Murlin et ul. 1944 )' and when supplemented with methionine, the protein utilization efficiency in the rat is almost as high as that of casein (Klose & Fevold, 1947; Harris et ul. 1951) .
EXPERIMENTAL
Chlorella pyrenoidosa Culture vessels of clear acrylic cylinders 150 mm diameter and I m tall were fitted with removable lids with a small hole for a plastic tube for the supply of compressed air (1.5 l/min) to the bottom of the cylinder. Eighteen cylinders (total volume 250 1) were mounted against a white wall fitted with three horizontal rows of tubular fluorescent lamps (total power 630 W, but this was varied to keep the temperature of the medium between
25-28 O).
The culture medium ( Table I) was based on Myers' nutrient solution for Chlorella (Myers, 1947) and was made up with analytical grade reagents in distilled water. The pH of the freshly-prepared culture medium was between 6-5 and 6.6 and showed little change from inoculation to the time of harvest (6-8 d). 
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The medium was inoculated with a vigorously growing culture of Chlorella from the previous batch. A Sharples Continuous Laboratory Centrifuge (Type Mv 41 24Y 8RY; Penwalt Ltd, Doman Road, Surrey) was employed for harvesting the algal cells, which were stored at -30 ' .
Saccharomyces cerevisiae
The spent Chlorella culture medium was supplemented with salts (analytical grade) and vitamins ( Table 2 ) and used for culturing the yeast in four 50 1 polyethylene containers. Compressed air (3 l/min) was bubbled through the culture medium which was kept near pH 4-5 with ammonium hydroxide and at 28-30 O throughout the growth period (4 d). The yeast cells were harvested in the same manner as the Chlorella cells and dried at 35-40' and stored at -30 '. Production of food pellets (Chlorycel) The frozen yeast and Chlorella were heated in a microwave oven in order to thaw and kill the cells as well as destroy any spoilage micro-organisms present. The ingredients (Table 3) were then thoroughly mixed in a food-mixer and made into pellets (25 x 15 x 10 mm) using plastic utensils to minimize fluoride contamination. Although pellets stored at room temperature for I week showed no apparent sign of deterioration, refrigeration was employed as a precaution against contamination by air-borne organisms and oxidative decomposition.
Maize oil (Table 3) was added as a lipid supplement, for improving the texture of the diet, and as a vehicle for the fat-soluble vitamins. Cellulose in the form of a fibrous powder was used to provide bulk, to add to the fibre content of the diet, and to improve the texture. 
Reduction of the fluoride level in chemical salts
Three separate samples of the diet were prepared with biomass grown in culture media prepared with analytical grade salts in which the fluoride level was reduced by the following procedure :
Hydroxyapatite was prepared with equal volumes of 0.3 M-(NH,),HPO~ and 0.5 M-Ca(NO,), solutions at pH 10.5 and characterized by X-ray powder diffraction. The stock salt solutions used for preparing the culture media were shaken with the dry, finely powdered hydroxyapatite (approximately ~o g / l ) for 5-10 min and filtered. The Ca salt supplements used for the preparation of these samples of the diet ('low-fluoride Chlorycel') were prepared with hydroxyapatite-treated reagent solutions in a similar manner.
Animal studies
Two pairs of weanling litter-mate Sprague-Dawley rats were used to commence a multigeneration study. One pair was fed the experimental diet and the other (the controls) was fed a commercial diet, 41B (E. Dixon & Sons Ltd, Crane Mead Mills, Ware, Hertfordshire). The quantity of experimental diet was insufficient for the growing colony of rats so they were replaced with mice, in order to continue the study. Two pairs of weanling litter-mate albino mice (The Wright Fleming Institute, St Mary's Hospital Medical School, Praed Street, London) were used as parents in this second multigeneration experiment. One pair was used as experimental and the other as controls. The control mice were fed with a commercial diet, FFG(M) (E. Dixon & Sons Ltd, Ware, Herts).
Metabolic studies, with four-week-old litter-mate female Harvard rats, were conducted over periods of 7 weeks in two separate experiments. In the first, there were three experimental and two controls; in the second, there were four experimental and three control rats. The experimental rats were exclusively fed on Chlorycel and the controls the laboratory diet, 41B.
The rats and mice in the multigeneration experiments were kept under identical conditions to other rats and mice in the laboratory except that the experimental animals were exclusively fed on Chlorycel. The animals were housed in conventional plastic cages with stainless steel wire lids and provided with wood shavings for litter and nesting material. The rats in the metabolic study were housed individually in glass metabolism cages (Jencons Ltd, Mark Road, Heme1 Hempstead, Herts). Food and water were supplied ad lib. to all the animals.
The rats and mice were examined daily for signs of ill-health and unusual behaviour. Body-weights of the animals were recorded weekly in the multigeneration experiments and daily in the metabolic experiments. Breeding pairs of litter-mates were caged together at the age of 12 weeks and the male was removed from the cage before the litter was born. The same pair was brought together again for mating, after the previous litter was weaned.
Analytical methods Amino acids. The method of Spackman et al. (1958) was used.
Elements. Ca, Mg, Fe, Mn, Zn and Cu were analysed by optical emission spectroscopy. Na and K were determined by atomic absorption and phosphorus by the phosphomolybdate colorimetric method. 
RESULTS
Biomass and diet
The yield of algal cells was 6-8 g wet weight/l culture medium. A Chlorella culture of 120 1 produced approximately ~o o g dry weight biomass and 2001 yeast culture produced approximately 700 g. The protein content (based on the Kjeldahl method) of the dried yeast was 450-500 g/kg and of Chlorella 400-500 g/kg. Their amino acid compositions are given in Table 4 . These results are comparable to published values for Chlorella (Fowden, 1954) and yeast (Lindan & Work, 1951) . Methanol-diethyl ether extraction indicated approximately 20 g lipid/kg dried yeast and approximately 80 g lipid/kg dried Chlorella. The total ash contents of Chlorella and yeast were approximately 60 g/kg. The chemical composition of Chlorycel is given in Table 5 . It should be noted that the protein content given in Table 5 is based on the amino acid concentration in the biomass and not on the total nitrogen content. The range of fluoride concentration given in Table 5 was obtained from eleven pooled samples of Chlorycel, each containing material from not less than ten batches of diet. (approximately 33 % protein) and including the methionine supplement ( 5 g/kg).
carbohydrate is represented by sucrose.
Animal studies Chlorycel was readily accepted as food by the rats and mice. The rats were bred through two generations and the mice through four successive generations fed exclusively with this diet. The breeding pattern for the mice is given in Fig. I . The results of the breeding experiments are given in Table 6 for the rats and Table 7 for the mice. First litter mice were mainly used for breeding subsequent generations (Fig. I) in order to make maximum use of the small quantity of Chlorycel. In the third generation (FJ there were only three litters of control mice compared with four litters of experimental mice (Table 7) because the first litter Fa control dam died shortly after her second litter (F3) was weaned. However, the number of pups born and weaned in the experimental group was similar to those in the t There were only three F, litters of control mice because the first-litter F, control dam died before producing a third F, litter (see Fig. I ).
control group (Table 7) . A detailed breeding study involving larger numbers of rats and mice is required to determine factors such as mating success, foetal resorption, still births and weaning in animals fed Chlorycel over successive generations. It was difficult to measure accurately the amount of food consumed by the mice because fragments which fell into the cage were lost in the bedding material. However, it appeared that the experimental mice ate a similar quantity of Chlorycel (approximately 5 g/d) to the quantity of FFG(M) eaten by the control mice. A more accurate assessment of food consumption by the rats was made in the metabolism experiment. The results are summarized in Table 8 from which it can be seen that the experimental rats ate less (approximately 13.5 g Chlorycel/d) than the controls (approximately 16 g diet 41 B/d). Similar results were obtained in the first metabolism experiment. The experimental rats produced softer faecal pellets and a more turbid urine than their litter-mate controls. Post mortem examination revealed a larger caecum than found in the control rats and smaller fat deposits in the abdominal viscera of the experimental rats. Body-weight gain, general appearance (including incisor pigmentation in the rats) and behaviour of the experimental rats and mice were similar to those of their respective control groups. A detailed study of the gain in body-weight was made for three female litter-mate mice from the second litter of the second generation (FJ control and experimental groups. 
-
The growth curves for these mice are compared in Fig. 2 from which it can be seen that the body-weight of the experimental mice increased at a similar rate to that of controls. This observation was true for all the mice in this study until they were approximately 5 months old, The body-weight of the control mice continued to increase slowly after this age and they showed a marked tendency to become obese. Their general appearance usually declined after about one year of age and none survived bkyond the age of 15 months. The experimental mice however, showed little tendency towards further increase in body-weight after a steady adult weight was reached. The breeding stock of the experimental mice from the first three generations was continued on Chlorycel but showed no obvious signs of obesity or ill-health, and none of these experimental mice died during the experiment. Five of them were at least 2 years old when they were killed.
Reduction of fluoride content in culture medium and dietary salt supplements The biomass (produced in culture media prepared with analytical grade salts) contained 60-80 pg fluoride/kg dry weight. The major portion of this fluoride was derived from the analytical grade phosphates, which contained 2-5 mg fluoridelkg and contributed 3-4 jig fluoride/l culture medium. The culture medium prepared with the hydroxyapatite-treated stock solutions contained less than 2 pg fluoride/l and the biomass produced in this medium contained approximately 30 pg fluoride/kg dry weight. The yield of biomass in the hydroxyapatite-treated culture medium was similar to that in the untreated medium used as control.
The fluoride concentration in the analytical grade CaCO, and CaHP0,.2H20 used as salt supplement in Chlorycel was approximately 5 and I 2 mg/kg respectively. Consequently, these salts contributed approximately 150 pg fluoride/kg diet. However, the CaCO and CaHPO, . 2H20 prepared with hydroxyapatite-treated reagent solutions contained 0.2 and 0 8 mg fluoride/kg. The three batches of 'low-fluoride Chlorycel' (produced with biomass from the hydroxyapatite-treated medium and these 'low-fluoride calcium salt supplements') contained 60, 45 and 50 pg fluoride/kg diet respectively. This 'low fluoride Chlorycel' was not used in the feeding study.
DISCUSSION
The present study has demonstrated that a nutritionally adequate diet, with a level of fluoride between IOO and 300 jig/kg can be prepared with Chlorella and yeast biomass produced under controlled and reproducible conditions. The diet, Chlorycel, effected growth and reproduction in rats and mice similar to the growth and reproduction in controls fed with the commercial diets.
Yeast is produced on a large scale commercially and recently Endo et al. (1974) described a highly-successful fermentation-type process for the mass culture of Chlorella in the dark. It is therefore technically possible to produce the basic raw materials under strictly controlled conditions in large reproducible batches. The main advantage of this method for producing an experimental diet is the availability of plant, machinery and technical expertise. Although Chlorella was a minor constituent in the diet it made Chlorycel more readily acceptable to rats and mice. It is known that the lipid content of Chlorella can be varied from approximately 5 % to more than 50 % of the total biomass according to the method and age of the culture (Fogg & Collyer, 1953; Milner, 1953) . The production of Chlorella by a more efficient system in the fermenter (Endo & Shirota, ~g p ) , and cultured to yield a higher cell lipid level, would provide more alga-lipid in Chlorycel and allow for the reduction in the quantity of maize oil in the diet. This would increase the quantity of material that can be produced under controlled conditions. It would therefore seem that it should be possible to produce Chlorycel on a sufficiently large scale for general use in animal experiments involving fluoride metabolism. This is important because commercial diets for the laboratory rat and mouse usually contain variable amounts of fluoride ranging from approximately 5 to over 20 mg fluoride/kg dry weight. It is not surprising, therefore, that the hard tissues of young adult laboratory rats usually contain more than 400 mg fluoride/kg dry weight.
It appears from Table 5 that the Ca, Mn and Cu levels in Chlorycel are determined by the levels of the salt supplements added to the diet (Table 3) and not from the biomass. It would seem possible therefore to produce a minimum Ca-, Mn-or Cu-containing diet by excluding the appropriate salt supplements from the diet. Thus Chlorycel could also be used in feeding experiments to study, in greater detail, some of the established biological roles of Ca, Mn and Cu as well as the relationship between Ca and F in rats and mice.
The present study has also shown that the diet can be produced with a very low level of fluoride (approximately 50 pg/kg). The method involving the use of hydroxyapatite was highly effective and resulted in a large reduction in the level of fluoride in the diet. This very low-fluoride diet ought to make possible a thorough investigation of the vexed question of whether fluorine is an essential trace element.
